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Influence of Tool Path Strategies and Pocket
Geometry on Surface Roughness in Pocket

Milling
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Abstract: This paper discusses the effect of tool path strategies
and pocket geometry to surface roughness due to pocket milling
process. The machining processes have been performed on mould
steel DF2 using carbide insert end mill as the cutting tool. The
cutting parameters for this experiment were kept constant while
the variables were cutting tool, path strategies and pocket
geometries at three levels each. The effectiveness of different tool
path strategy and different pocket geometry is evaluated in terms
of measured surface roughness (Ra) of the workpiece. The grade
of a pocket isdirectly proportional with itssurfaceroughness. The
lowest surface roughness measurement was produced by pocket
geometry B with parallel spiral cutting tool path strategy.

Keywords : Tool path strategy, pocket geometry, surface
roughness, pocket milling.

. INTRODUCTION

The cutting tool path is the direction that leads cutting

tool through the machined region. It is utilized to abolish all
the substance inside some random closed partition space on a
uniform surface of aworkpiece to afixed depth. Such a shape
isregularly called a generalized pocket, or simply a “pocket”,
and the processis called pocketing [1]. A pocket tool path’s
purpose is to remove material from a cavity in the stock.
Raised material defined by an enclosed contour inside a
pocket, a boss, may be left standing in the cavity, if desired.
This materia left standing is commonly referred to asislands
[2]. Mainly, there are two types of tool paths. spiral and
zigzag [1]. Thetwo types of tool paths are further categorized
as normal and smooth spiral and normal and smooth zigzag.
Milling of pocket features in machining parts may be fulfilled
by applying different cutting path strategies [3]. In practices
there arethree of tool path in milling, which are back and forth
or zigzag, spiral and one direction tool path strategies [4].
These tool direction strategies are often used in Computer
Aided Manufacturing (CAM) software [3]. One directionisa
tool direction strategy where the tool moves in side by side
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line across the surface of workpiece to be machined. At the
finish of line, thetool moves up and returnsback to itsoriginal
position, it then scans the area with a fixed step over values.
For back and forth milling, the tool draws a zigzag cuter path
by moving back and forth across the workpiece in the plane X
—Y. Spiral milling is atool direction strategy where the tool
may start at the midpoint of the pocket and then proceeds
spiraly outsides [3]. Quality of a pocket is evaluated directly
with its surface quality. Good surface quality is essentia
because product functionality such wearing, contact, coating
and heat transmission could be affected by poor surface
roughness [5]. Thus, it is important to put extra attention in
choosing the right strategy to generate tool path and pocket
geometry because these may influence other main parameters
such as path cutting forces, length of the tool, surface
roughness, machining time. The roughness is highly
depending on material types, tooling types, cutting parameters
and machining types. The scales of surface roughness
essentials are based on suitable cutting parameter selections.
Therefore, it is significant to conduct such experiment to
determine the optimum parameters [6]. The factors
subsidizing to the surface roughness are mechanical stiffness
tool geometries, and cutting conditions while utilizing the
conventional end milling machine tools. Meanwhile, feed rate
and spindle speed known as a parameters of cutting condition,
isthe most significant on surface roughness. In the production
of mould and dies, to reduce machining time, high speed
milling is commonly employed. High speed machining
(HSM) means utilizing cutting speeds that are remarkably
higher than those used in standard machining operations.
Normal HSM spindle paces range between 3500 and 8000
rpm, despite some spindles today are designed to overcome
speed at 100,000 rpm, depending on the size of the spindle. In
the past, the impact of pocket geometry and tool path strategy
in term of machining time and cutting forces on surface
roughness has been researched especially on a flat surface.
However, there is limited literature on the influence of tool
path strategies and pocket geometry in pocket milling for
mould steel material that involves many pocketing processes
during the production of mould and dieusing HSM. The focus
of this research project to investigate the impact of tool path
strategies and pocket geometry on surface roughness in
pocket milling of mould steel DF2 material, which is the most
commonly utilised steel for plastic mould [7].
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II. METHODOLOGY

This investigation focused on influences of a different tool

path strategy and different pocket geometry on surface
roughness in pocket milling. The pocketing tests have been
performed on mould steel DF-3 and using carbide insert end
mill as cutting tool in this project.

The cutting parameters were kept constant while the variable
in this project are the three level of tool direction strategies;
(one direction path, back and forth path, and spira cutter
path) and three level of pocket geometry. The results from the
machining are surface roughness is investigated. The
effectiveness of different tool path strategy and differ pocket
geometry is evaluated in terms of surface roughness
generated.

Figure 1 shows the experiment workflow utilized to
perform the project being executed from the beginning until
the finish of the project as described. The research scopes are
to identify the impact of tool path strategy and also pocket
geometry on surface roughness in pocket milling major
research work being delegated in this research workflow
chart, there are several stages of workflow to be followed.

Experimental Planning

1

Machining Setting and Parameter. Programming, Pocket Geometry,
Used MasterCam X MR2 based on cutting parameters, cutting
strategies (tool path), and pocket geometry

| Tool and Workpiece Preparation

e

| Run CNC Milling Machine |

| Data Collection: Measure Surface Roughness (Ra) |

Mo
Analyze Data
Using Minitab

Yes

| Summarize the Result |

Fig. 1.Experiment Workflow

A. Workpiece Material and Tooling

Author (s) Theworkpieceismould steel DF2 blocks of 100
mm x 100 mm x 16 mm, and the cutting tool is 2-flute
Kennametal DIN 6528 solid carbide end-flat mills of 10 mm
of diameter and ahelix angle 30°. The machining trialsareran
under dry conditions at a feed rate of 300 mm/min, a spindle
speed of 10,000 rpm and depth of cut of 0.30 mm.

The workpieces, made up of Mould Steel DF-3 DIN
1.2510, are best dimensiona stability during hardening, fine
combination of high surface hardness and toughness, and a
best machinability later when hardening and tempering.
Because of that, mould steel is one of the most frequently
utilized material for plastic mould [8].

Carbide has greater hardness, has higher rigidity, and can
withstand higher cutting temperatures, compared with HSS
tool material. These substantial properties let carbide tools to
machining at higher speeds and feeds, increasing production
rates while providing extended tool life [2]. Always select the
shortest end mill be ablefor the project to acquire highest tool
rigidity [2].
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In order to acquire the best cutting path strategy,
MasterCam X MR2 software have been used to utilize the
cutting path for machining workpiece into CNC end milling
machine.  Machining  Setting and  Programming
(MASTERCAM X MR2) based on cutting strategies before
running the CNC end milling machine, there are various
setting need to be competed in order to get the correct process
method for machining the product of workpiece. Mastercam
X MR2 software was used to select the milling cutting path
strategies of each cutting process[9]. All the parametersarein
a constant value of setting. Other than that, the parameters
aso must be dlocated to accomplish the condition of
machining such as depth, cutting speed and feed rate of cut
which isimportant in order to observe the correct parameters
for the correct process. Then, the experiments can be done
accordingly to the machining cutting path strategies. There
are seven (7) cutting path strategies are being used for this
project. The patterns of cutting paths are shown in Figure 2.

5

— =) =

Zigzag Constant Parallel Spiral ~ Parallel Spiral,
Overlap Spiral

Clean Comers

High Speed One Way

Fig. 2.M achining cutting methodsin M aster cam software

Tue Spiral

The research tool MasterCam X MR2 software will
generate code to CNC (Computer Numerical Control) milling
machine. This computer holds memory register storing a
various of routine that are efficient of manipulating logical
functions generate by MasterCam X MR2 software. Then, the
machining can be finished accordingly to the machining
cutting path strategies.

B. Experimental equipment and set up.

Deckel Maho Evolution 50 High Speed Milling was used
for the experiment. The maximum spindle speed that could be
achieved by the machine was 18,000 RPM. The surface
roughness readings were measured by utilizing a Mitutoyo’s
Surftest SV-3100. It provides measurement of fine peak, as
well as the normal type of surface roughness measurement.
The most usual term of surface roughness parameter reading
was Ra. Ra s the region between the roughness peak and its
mean line, three measurements taken with “cut off” 16 mm
lengths were made for each sample, then an average value was
calculated. The experiment run by using Deckel Maho —
DMU 50 eVo Linear, was the high speed milling machine
available at advanced machining shop in UniKL IPROM. It
was arranged to prepare a suitable entry-level apparatus for
machining trial with 3-axis machining and CAD/CAM
systems which mean suitable for
code that has been generated by
MasterCam X MR2 software.
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The workpieces, made up of Mould Steel DF2 provided
and the machining tool used is four-flute solid carbide end
mill. Tool path strategies, pocket geometry and cutting
parameters is generated by MasterCam X MR2 software
make the running process easier to run in sequence based on
design of experiment (DOE) method, generated by Minitab
software.

Minitab isan excellent tool for both Confirmatory Analysis
and Exploratory Data Analysis. Its wide use in the Industry,
Business environments and University speaksfor itsfavour in
terms of both constancy and ease of use [10]. Minitab’s
built-in with an assist that helps in execute Design of
Experiment (DOE) that will simply discovered which factors
and interactions affect the process

C. Experimental Procedure

Figure 3 shows the three pocket geometries used in this
experiment which were extracted from [11]. The result
between this experiment and past research by [11] will be
compared. The pocket shapes are chosen based on the
followings: pocket A is a non-symmetric closed convex
curve; pocket B is a two axes symmetric non-convex curve,
pocket C is a non-symmetric closed curve with an interior
island.

Fig. 3.Three pocket geometries used in experiment.

The cutting path strategies employed in the experiment,
which is the One direction, Zigzag and Parallel Spiral is
shown in Figure 4 [4]. The tool path was generated using the
MasterCam X MR2 machining station as shown in Figure 5.
Shape and dimensions of stock and tool, as well as the
machining condition such as the feed rate, spindle speed and
depth of cut, were also included into the software.

Fig. 4.Cutting path strategies; a) onedirection; b) Zigzag;
c) Parallel Spiral.
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M R2 software.

NC code was generated by CATIA was examined and
simulated before dispatch it to the machining core. After the
machining processes, the transversal and longitudinal surface
roughness was measured with the Mitutoyo’s Surftest
SV-3100. The run order of the experiment, shown in Table 1,
was generated using Minitab.

Table- | Experimental run order

Standard Run Toolpath Pocket
Order Order Strategy Geometry
5 1 Parallel Spiral C
9 2 One Direction C
8 3 One Direction A
7 4 Zigzag A
6 5 Zigzag B
4 6 Parallel Spiral A
2 7 Zigzag B
3 8 One Direction C
1 9 Zigzag A

The sample of workpiece will be crafted with pocket
milling, which is an another form of end milling used to mill
shallow pocketsinto flat parts after removing all the material
inside some random closed region on a flat surface of a
workpiece to a fixed depth. The result of Ra measurements
were taken 3 times for each runs and then averaging it. Than
the samplewill be trimmed by grinding process every time the
sample was involved in Ra measurements. The results from
the Mitutoyo’s Surftest SV-3100 is quantifies as roughness
average (Ra) and will be analyze in the Minitab software in
form of graphical analysis. The effectiveness of different tool
path strategy and pocket geometry is evaluated in form of
surface roughnesswill be generated. The analysisgenerated is
based on a factorial experiment, designed to study the effect
of two or more factors, each of which is applied at two or
more levels. It also can be used to study how a response
variable is influenced by certain factors which mean the
response variable able to investigate the influence of tool path
strategies and pocket geometry on surface roughness in
pocket milling of mould steel.
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[1l. RESULT AND DISCUSSION

The result data entered into the Minitab software to
generate a graph of response (surface roughness) in various
form of graphical analysis. All 9 runs were measured to get
the surface roughness (Ra) data. By using the data, the pattern
of graphs can be classified. The standard for Rawere been set
the lowest is better than the highest. Means that lowest Ra is
recognized as good quality surface.

The relations between different tool path strategy and
pocket geometry on surface roughness of mould steel DF2 can
be determined from the Ra measurement from experimental
result. Besides that, individual plot graph of surface
roughness of each factors (tool path strategy and pocket
geometry) will be discussed thoroughly on the effect against
the response factor (surface roughness, Ra).

The graphs more clearly to interpret each of the graphical
patterns and so the decision can be make which setting are
known as optimum machining parameters includes tool path
strategies and pocket geometry to get the better surface
roughness, Ra. The optimum parameter can be use it in the
industry practice purpose.

Table 2 shows the measured surface roughness, Ra for all
nine experiments. The lowest surface roughness reading was
obtained for Pocket A with One direction cutting path strategy
about 0.271. The highest surface roughness reading was
obtained for Pocket C with Zigzag cutting path strategy 1.734.

Table- 11: Experimental run order

Std. Run Toolpath Pocket R

Order Order Strategy Geometry a
1 1 Onedirection A 0.271
9 2 Zigzag C 1.734
3 3 Onedirection C 0.551
8 4 Zigzag B 0.333
4 5 Parallel spiral A 0.414
6 6 Parallel spiral C 0.365
2 7 Onedirection B 0.969
7 8 Zigzag A 0.609
5 9 Parallel spiral B 0.514

Interaction Plot for Ra
Data Means
a0 Toolpath * Pocket Pocket

Mean of Roughness

One direction Parallel spiral Zigzag

Toolpath
Fig. 6.Interaction plot for Ra

From interaction plot graph above (Figure 6) shows
two (2) things. First the toolpath strategy of parallel spiral
response (Ra) was lower in value than the other 2 toolpath
strategy whichislower than 0.6. The other is oocket geometry
A are most lower Ra produce than the other pocket geometry
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B and C that showsall theresult islower than 0.609. Thereare
strongly proves from main effect plot for Rabelow (Figure 7)
that the tool path strategy parallel spiral and pocket geometry
A arelower in value of Rafor experimental results conducted.

Main Effects Plot for Ra
Fitted Means

Toolpath Pocket

Mean of Roughness

One direction  Parallel spiral Zigeag A B C

Fig. 7.Main effect plot for Ra

The results obtained from the experiment show lowest Ra
value was recorded by one direction strategy with pocket
geometry A, and for Zigzag strategy, the highest Ra was
recorded with pocket geometry C. This experimental result
concludes that the type of pocket geometry affect Ravalue.

In relation to surface roughness, pocket A and pocket B,
transversal and longitudinal roughness is lower than 0.65 um
for any tool path strategy as shown in Figure 5 and Table 3.
This trend coincides with one presented by [11]. (2013) for
UNS A96063 aloy. The Ra is highest in pocket C (refer
Figure 5), due to the presence of islands (refer to Figure 1),
which distorts the path of the cutting tool [11]. The influence
isalso depending on the size and shape of theisland contours
and workpiece, and the size of cutter used [1]. The results of
comparison show that the finest tool path strategies is
dependent on the geometry of the part, the type of the used
tool paths, the machine characteristics, and cutting conditions.
In general thereis no specific tool path type that can be used
for the same machinefor all workpieces (Elkeran et a ., 2006).

V. CONCLUSION

A The finding of this research able to conclude that the
Parallel Spiral strategy yieldslowest Rameasurements, which
is about 0.43 um for various type of pocket geometry and had
higher precision to produce fine surface roughness based on
experimental results (refer Figure 5). Furthermore, in terms of
pocket geometry, pocket geometry A produced lowest Ra
vaue in this experiment. In relation to surface roughness, it
can be concluded that pocket A and B produced fine surface
roughness than pocket geometry C. It has been found that tool
path pattern has significant influence on surface roughness.
Although, the trend from past researches by using high speed
milling in experiment activities involves in much metal
removal proven to achieve fine surface finished. Through this
experiment, show that the adeguate choice of tool path
strategy to milling a specific geometry can improve the
surface roughness in terms of
lowest Ra..
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